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ABSTRACT OF THE DISCLOSURE 

A process for preparing polytetra?uoroethylene ?brous 
powder and product produced therefrom, said ?brous 
powder having an average ?-ber length of 100 to 5,000 mi 
crons, an average shape factor of not less than 10, and 
an anisotropic expansion factor of 1.3-7.0. 

This invention relates to polytetra?uoroethylene ?brous 
powders and a process for producing the same. 

Polytetra?uoroethylene is a polymeric material which 
is especially outstanding in its resistance to heat and 
chemicals as well as in that it possesses excellent me 
chanical and electrical properties. Hence, it is being used 
widely in industry. Further, as its uses range over a wide 
?eld, numerous forms thereof to meet the requirements 
of these uses have been conceived and invented. Namely, 
a molding powder of particle size less than 50 microns 
has been developed for the purpose of obtaining non 
porous shaped articles, while the “polytetra?uoroethyl 
ne ?ne powder” obtained by coagulating an aqueous dis 
persion obtained by emulsion polymerization is suited for 
paste extrusion molding. On the other hand, ?llered 
polytetra?uoroethylenes in which has been mixed as a 
?ller the various metallic powders or glass ?bers are 
suited for bearing materials. A new use of polytetra 
ethylene which has been attracting wide attention in re 
cent years is its use as ?lter material where its property 
of superior resistance to chemicals has been utilized. 
Thus, a number of ?lter sheets, cloths, etc., of poly 
tetra?uoroethylene have been developed. In all cases, 
however, there were such defects as that their strength 
was not satisfactory or that their cost was high, and 
hence their use has not become sufficiently widespread. 
Particularly, in the case of paper and ?lter papre of poly 
tetra?uoroethylene, it was not even possible to make 
them strong and uniform in a thickness of less than 
200 g./m.2. This was not due to the inherent property 
of polytetra?uoroethylene but was due to the fact that 
the conventional material forms of polytetra?uoroethyl 
ene were not suited for the production of these papers, 
etc. 
An object of the present invention is to provide a new 

polytetra?uoroethylene ?brous powders, which new ? 
brous polytetra?uoroethylene powders are suited for the 
production of a strong paper predominantly of polytetra 
?uoroethylene whose thickness is less than 200 g./m.2 
and also thick but pliable thick sheets and paper boards 
and ?lter ?ber. Another object of the invention is to pro 
vide a process for producing the foregoing new polytetra 
?uoroethylene ?brous powder at low cost. 
The polytetrafluoroethylene ?brous powders accord-' 

ing to this invention are characterized by having an aver 
age ?ber length of 100-5000 microns, an average shape 
factor of not less than 10 and an anisotropic expansion 
factor of 1.3-7.0. 
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While the use of the invented polytetra?uoroethylene 

?brous powder is not necessarily limited in its being 
used as ?lter material predominantly of polytetra?uoro 
ethylene, the characteristics of the new form of polytetra 
?uoroethylene ?brous powder will be described in detail 
with emphasis being laid on the production of a ?lter 
material. 
The conventional polytetra?uoroethylene powders or 

the cut ?bers are not suitable for producing such ?lter 
materials as a strong paper of a thickness of less than 200 
g./m.2 and pliable sheets or paperlike structures, etc. 
The reason therefor is that unless the particles are ?~ 
brous, the interlacement that occurs between ?ber-s do 
not take place and hence good quality paper cannot be 
made. Namely the powder which heretofore was readily 
available commercially was in nearly all cases not ?brous, 
with the consequence that paper and sheets could not 
be made. Since the average shape factor is a factor 
which numerically expresses the extent of the ?brous 
state, the interlacement does not occur fully substantially 
when this factor is less than 10. 

However, even though the powder may be of ?brous 
form, if its ?ber length is less than 100 microns, the 
length of the ?ber is too short and hence in this case also 
it cannot be made into paper, as the interlacement be 
tween the ?bers is insuf?cient. As commercially avail 
able powders of this grade, there is one which has an 
average particle diameter of 35 microns, a shape factor 
of 8-12 and an anisotropic expansion factor of 1.16 
1.28. As a practical matter, a paper cannot be made from 
this powder, however. In this case, the fact that its shape 
factor is small and the extent of its ?brousness is meagre 
are also causes, but that its average ?ber length is less 
than 100 microns is the major cause. When an attempt 
is made to make paper from a dispersion of this powder 
in accordance with the method described in the herein 
after given examples, it does not become paperlike be 
cause of the lack of interlacement between the ?bers. 
On the other hand, when the powder has an average 

?ber length exceeding 5000 microns, it is not suited for 
making thin but strong paper and sheets that are uni 
form, even though the other properties, including the 
shape factor and anisotropic expansion factor, are within 
the limits prescribed by this invention. Namely, when it 
exceeds 5000 microns, the irregularity in the surface of 
the paper made therefrom is pronounced. That is to 
say, when the ?ber length is great, the diameter of the 
?bers are inevitably larger, with the consequence that 
the production of thin and uniform paper is impossible. 
As a process for producing this type of ?bers, a process 
is known which comprises coagulating an aqueous dis 
persion of colloidal polytetra?uoroethylene obtained by 
the emulsion polymerization of tetra?uoroethylene, then 
drying this product to obtain polytetra?uoroethylene pow 
der (hereinafter to be referred to as “?ne powder” since 
it is usually so called), to which is added such as white 
oil, a petroleum fraction, which mixture is then made 
into a tube or rod by the so-called paste extrusion method, 
a customary procedure, then, after removing the addi 
tive, cut into 6-25 mm. lengths, followed by splitting 
these pieces in the extrusion direction by application of 
strong rubbing force to render them ?brous (US. Pat. 
No. 3,003,912). 
The ?bers obtained by this method can be formed into 

air-perviou-s boards or sheets, though entailing some di?i 
culty. But since the ?ber length is greater than 5000 
microns, the board or sheet cannot be obtained with uni 
formity and thus there occurs spottiness in its strength. 
Further, thin papers of less than 200 g./m.2 cannot 
possibly be made. 

Further, the powder becomes un?t for making uniform 
thin papers, sheets and ‘boards when its anistropic expan 
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sion factor is not less than 7.00, even though its other prop 
erties wall within those prescribed by the invention. Name 
ly, the anistropic expansion factor is a measure of the mo 
lecular orientation in the ?ber. Hence, as the molecular 
orientation increases, the anistropic expansion factor be 
comes greater. If the molecular orientation is great, the 
shrinkage of the ?ber at above the melting point of poly 
tetra?uoroethylene is inevitably great, and in consequence 
spottiness in the thickness of the product results because 
of the great shrinkage in the paper during its sintering step. 

Fibers having a high degree of molecular orientation 
can be obtained by cutting the ?lament obtained by spin 
ning the hereinbefore described aqueous dispersion of col 
loidal polytetra?uoroethylene. According to this method, 
the average shape factor of the ?ber can be made to be 
not less than 10 and its ?ber length can be made to range 
from 100 to 5000 microns. However, since the ?ber is 
subjected to the action of a stretching force either de 
liberately or inevitably during the spinning process, a high 
degree of molecular orientation takes place in the ?ber, 
with the consequence that the ?ber will result in having 
an anistropic expansion factor of not less than 7.00. Ac 
cordingly, when an attempt is made to make the ?bers 
obtained ‘by this method into thin paper, sheets and paper 
boards, it is impossible to avoid the great shrinkage during 
the sintering step, and hence it is only possible to obtain 
products whose surface uneveness is pronounced. 
When the anistropic expansion factor is not more than 

1.3, the powder is not completely ?brous but is either 
of short ?bers or an imperfect ?brous powder. Hence, 
when such a powder is made into paper, interlacement be 
tween the ?bers do not occur sut?ciently, with the conse 
quence that good quality paper products cannot be ob 
tained. 
Thus it is apparent that in accordance with the prior 

art methods there did not exist a polytetra?uoromethylene 
powder which could be readily formed into a strong paper 
of a thickness less than 200‘ g./m.2 or air-pervious and 
pliable sheets or paper boards. 
The terms “average ?ber length” and “average shape 

factor,” as used herein, refer to values determined as fol 
lows: a small amount of Canada balsam is placed on a 
microscope slide glass. If the viscosity of the Canada 
balsam is high, its viscosity is lowered by adding a small 
amount of xylene. Taking a small amount of the powder 
to be tested, it is mixed well with the Canada balsam with 
the tip of a glass rod. Then when another slide glass is 
placed on top and pressed strongly, the powder disperses 
uniformly between the slide glasses. If the amount of pow 
der is used in excess, the dispersion does not take place 
uniformly and the ?bers become piled up on top of each 
other. Therefore, the amount of powder used must be 
small. Since the ?bers disperse uniformly when the amount 
of the Canada balsam and the powder is proper, such an 
amount must be chosen. Next, ?ve to twenty photomicro 
graphs at 10-100 magni?cation are taken of this specimen 
at different locations. If one specimen is insu?icient for 
the microscopic examination, two or more are prepared. 
The ?ber length and width are determined from the pho 
tographs obtained. In this case, the particles of ?ber length 
not exceeding 80 microns must not 'be measured. Since 
the average according to this measurement method is a 
number average, should those ?bers not exceeding 80 
microns the proportion by weight of which are very small 
are added to the number average, it will result in evaluat 
ing unjusti?ably low the ?ber length obtained, thus be 
coming a value far different from the actual ?ber length. 
Hence, those of ?ber length not exceeding 80 microns are 
excluded. 
The number of ?bers measured must be not less than 

200. The arithmetic average of all the measured ?bers is 
the “average ?ber length.” The Width of each ?ber is 
measured at the same time its length is measured. The 
width of a ?ber is not necessarily the same even in case 
of the same ?ber. Therefore, the width of that portion of 
a ?ber occupying the longest part thereof is measured. The 
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4 
value obtained by dividing the ?ber length by its width 
is the shape factor, and the arithmetic average of that of 
not less than 200 ?bers is the “average shape factor.” 
The term “anistropic expansion factor” is determined by 

the following method: Four and one-tenth grams of pow 
der is weighed into a 0.5 inch square metallic mold where 
it is subjected at 23° C. to a pressure raised to 2000 p.s.i. 
during one minute, after which it is held at this pressure 
for two minutes. The length, width and height of the re 
sulting roughly cubical preform was measured (i.e., the X, 
Y and Z axis, respectively, where Z axis is the direction 
in which the preforming pressure was applied). The meas 
ure preform is sintered for 30 minutes at 380°:t0.5° C., 
followed by allowing the resulting sintered product to 
cool in air to room temperature, after which it is remeas 
ured. The anistropic expansion factor is then the value of 
Zs/Zp divided by (Xs+Ys)/(Xp+Yp), where Xp, Yp', 
Zp are the respective axial measurements of the preform, 
while Xs, Ys and Zs are the axial measurements of the 
sintered product. 
The term “speci?c surface area” denotes the speci?c 

surface areas as obtained customarily from the adsorption 
of nitrogen. 
Upon microscopic examination at 10-100 magni?ca 

tion of the polytetra?uoroethylene ?brous powder of the 
present invention, it is observed that a great number of 
the particles are of complex ?brous form having a ?ber 
length of not less than 80 microns. Further, the width 
of the ?bers are not uniform; nor are their sections neces 
sarily of circular shape. This powder is characterized by 
an average ?ber length of 100-5000 microns, an average 
shape factor of not less than 10 and an anistropic expan 
sion factor ranging between 1.30 and 7.00. Such a ?brous 
powder of the invention can be prepared in the following 
manner. A polytetra?uoroethylene powder which, after 
polymerization of tetra?uoroethylene, has been only 
washed and dried and having a speci?c surface area of 
3 m.2/g. or more is comminuted in a pulverizer which ac 
complishes its grinding action chie?y by means of a 
shearing force, the shredding action being intensi?ed by 
raising the grinding speed and with the grinding being 
e?ected at a temperature above 30° C., and preferably 
above 70° C. 
A still another characteristic of the powder so obtained 

becomes apparent when differential thermal analysis is 
carried out. For example, a differential thermal analyzer 
Model DT-IO, a product of Shimadzu Seisakusho Ltd., 
Japan, was employed and the heat absorption of said 
powder was measured by customary procedures at a 
temperature rise of 10° C. per minute. As a result, it was 
found that after the heat absorption in the vicinity of 
340—355° C. by means of the melting of the crystals, 
there appeared aditionally for 10 or more degrees on 
the high temperature side small shoulder of heat 
absorption. When observations are made with a polaroid 
miscroscope while raising the temperature, it can be seen 
that this small shoulder of heat absorption attends the 
change in shape of the ?brous powder. Namely, the tem 
perature at which the crystals of the invention polytetra 
?uoroethylene ?brous powder melts and the temperature 
at which shrinkage takes place in the ?bers dilfer, the 
later being higher. In the other method of obtaining poly 
tetra?uoroetyhlene ?brous powders having an average 
?ber length of 105000 microns, an average shape factor 
of not less than 10 and an anisotropic expansion factor 
of above 1.30, for example, the method of obtaining 
?bers by cutting the polytetra?uoroethylene ?ber obtained 
by spinning a colloidal dispersion of polytetra?uoro 
ethylene, the shrinkage temperature of the ?ber is equal 
to, if not lower than, the melting temperature of the 
crystals. Thus, the shoulder of the heat absorption is not 
observed subsequent to the melting point, when examined 
differential thermal analysis of polytetra?uoroethylene 
cutting ?bers. Further, as regards the polytetra?uoro 
ethylenes which are not ?brous, the shoulder of heat 



3,513,144 
absorption is not observed following the melting point, 
since they are not ?brous. In addition, with respect to 
those whose anisotropic expansion factor is less than 
1.30, even though they may be a ?brous powder, the 
shoulder of heat absorption following the melting point 
is hardly observable at all. 

Since the polytetra?uoroethylene powder according to 
this invention possesses the characteristics as hereinbefore 
described, the self bonding between the ?bers can be 
effected without entailing any shrinkage by sintering at a 
temperature which is above the melting point of the 
crystals of the polytetra?uoroethylene and also below 
that where shrinkage occurs in the ?ber, even though 
the anisotropic expansion factor of the ?brous powder 
is above 1.30‘. 
When the ?brous powder of the invention is formed 

into a felt and then sintered at a temperature of 300-360” 
C., thin paper of high strength or air-pervious sheets or 
boardlike structures can be produced. satisfactorily em 
ployable is also a method which comprises mixing 0.5 
50% by weight of a non?brous polytetra?uoroethylene 
powder having an average particle size of less than 500 
microns, in the invention ?brous powder, then forming 
the mixture into a felt and sintering the mat. Namely, 
since the non?brous powder does not shrink after its 
melting and also because it becomes completely gelled 
by melting, the bonding between the ?bers is effected 
more intimately. 

Those powders used to particular advantage as the 
starting material include the “?ne powder” obtained by 
coagulation of an aqueous dispersion of a colloidal poly 
tetra?uoroethylene obtained readily by the emulsion 
polymerization of tetra?uoroethylene (this type of 
powder is readily available commercially); the tetra 
?uoroethylene copolymer not more than 0.5 micron in 
diameter obtained in customary manner ‘by copolymeriz 
ing with tetra?uoroethylene several percent by weight of 
either CFFCFRf or CFZICFOR,» of 3 to 10 carbon 
atoms, where Rf is per?uoroalkyls; the powder obtained 
when tetra?uoroethylene is polymerized in the vapor 
phase by means of high energy radiation (hereinafter to 
be referred to as radiation polymreized powder); and 
the powder obtained by a method similar to the general 
suspension polymerization method and in which the value 
of speci?c surface area immediately after the polym 
erization exceeds 3 m.2/ g. (referred to as general molding 
powder). “?ne powder” here described in practically all 
cases has a speci?c surface of 9-12 mF/g. or 6-13 m.2/ g. 
In those cases where this value is other than those given, 
they can be satisfactorily used if this value is more 3 
m.2/ g. The speci?c surface area of the radiation polym 
erized powder is also above 4 m.2/g., most of it being 
above 10 =m.2/g. 
For example, ?brous powder cannot be obtained from 

those commercially readily available powders whose 
speci?c surface area is less than 3 mF/g. Even though 
a ?brous powder could be obtained, it would 'be one 
which does not possess the various properties as pre— 
scribed by the present invention, and hence it would be 
possible to obtain only ?bers of inferior grade from 
which papers or sheetings could not be formed. In the 
case of the general molding powders, these also consist of 
those which can be readily made into ?bers and those 
which are difficult to do so, depending upon the polym 
erization method. The criterion in the case is the speci?c 
surface area. That is to say, the polytetra?uoroethylene 
obtained by the suspension polymerization of gaseous 
tetra?uoroethylene in the presence of per?uoroole?n of 
3 or 4 carbon atoms and after polymerization only 
washed with water and dried has a speci?c surface 
area greater than 3 m2/g. and hence can be made into 
?bers by pulverizing, but in the case of the suspension 
polymerization in water of liquid tetra?uoroethylene, the 
speci?c surface area becomes less than 3 m.2/ g. and thus 
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6 
staples cannot be obtained by pulverization of this 
powder. 
The fact that there is a difference in the ease with which 

these powders can be made into ?bers seems strange, but 
the present invention has clari?ed this phenomenon for 
the ?rst time. 
The pulverizer suited for obtaining the ?bers according 

to this invention must be one in which a great shearing 
force is brought into action chie?y during the grinding 
stage. A pulverizer of this type which is readily available 
commercially include such as the cutting mill, the shear 
ing roll mill, and the Micron Mill and Hurricane Mill, 
which grind by means of the rotative action of a multi 
bladed rotor rotating at high speeds. While the grinding 
may be carried out in water or an atmosphere of either 
air or nitrogen, the temperature at which the grinding is 
carried out is a range between 30° C. and 327° C. The 
higher the temperature at which the grinding is carried 
out, the more readily is the ground product rendered 
?brous and hence it is to be preferred, while on the other 
hand there is a decline in the yield. Accordingly, the 
optimum conditions must be chosen in consideration of the 
relationship between the ease with which the powder is 
rendered ?brous, the yield, the pulverizer used and the 
type of powder to be ground. 
An apparatus especially suitable for grinding and 

classifying to obtain the new polytetra?uoroethylene of 
the present invention is commercially available under the 
name of “Micron Mill” or “Super Micron Mill” as prod 
ucts of Hosokawa Iron Works Ltd., Japan. The pulver 
ixing chamber, the principal part of this apparatus, is 
provided with a multibladed pulverizing plate which 
rotates at high speed and next to it there is a grading 
plate which rotates coaxially with the pulverizing plate. 
Further, in the next chamber which is separated from 
the pulverizing chamber by means of a grain size adjust 
ing ring there is provided a windmill rotating coaxially 
with the pulverizing and grading plates. There is also a 
pipe which communicates with a classi?er. The powder 
to be ground consisting of polytetra?uoroethylene having 
a speci?c surface area of above 3 m.2/g. is fed from a 
hopper to the pulverizing chamber where it is ground by 
means of the pulverizing plate having around its circum 
ference blades of a thickness more than 10 mm. At this 
time, the powder is rendered highly ?brous by being sub 
jected to a tearing force resulting from the abrasion of 
the powder with the housing wall and the rotation of the 
pulverizing plate. As a result of the vortical air stream 
in the rotating direction set up by the rotation of the 
pulverizing plate and the air stream along the axial direc 
tion set up by the suction of a blower disposed separately 
at the rear of the classi?er, the powder which has been 
ground is drawn through the grading plates and the grain 
size adjusting ring at which it receives some classifying 
action to be then introduced into the classi?er by means 
of the wind force set up by the windmill and the suction 
of the blower. 

In this case, the velocity of the vortical air stream in 
the rotating direction and that of the air stream set up 
by the blower and ?owing in the axial direction from the 
grading plate to the windmill as well as the inner diameter 
of the grain size adjusting ring have the greatest in?uence 
on the shape factor and average ?ber length of the ?brous 
powder. Namely, while the degree to which the specimen 
is rendered ?brous becomes more pronounced as the ve 
locity of the vortical air stream becomes greater than 
that of the air stream along the axial direction, the yield 
decreases. Conversely, as the velocity of the air stream 
along the axial direction becomes greater than that of 
the vortical air stream, the yield increases, but the degree 
of ?brousness of the product decreases. On the other 
hand, as the inner diameter of the grain size adjusting 
ring becomes greater, the degree of ?brousness of the 
product becomes less, since the powder moves to the 
classi?er without receiving complete shearing action in 
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the pulverizing chamber. It is however practically im 
possible to express these relationships numerically at the 
present state of the art. Even if it were possible, there 
would exist differences depending upon the size of the 
pulverizer used and its type. Hence, it would be necessary 
to determine the optimum conditions experimentally for 
each occasion. Namely, since the velocity of the vortical 
air stream is varied by an adjustment of the rotating 
speed of the pulverizer while that of air stream in the 
axial direction is by means of an adjustment of the suc 
tion of the blower, the foregoing optimum conditions are 
determined experimentally while effecting adjustments 
of these factors. 

Although the classi?er is of importance in determining 
the length and thickness of the resulting ?bers, in those 
cases where a relatively coarse ?brous powder is desired, 
a classi?er need not be used, it being possible to achieve 
the desired end with the hereinabove described Micron 
Mill type of pulverizer alone. 

While the conditions imposed on the classi?er useable 
for the purpose of this invention is not as strict as in the 
case of the pulverizer, unsuitable, for example, is such as 
the “seiving method” using a sieve. If it is a pneumatic 
classi?er, any model thereof can be conveniently used. 
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zation in the gaseous state at 60° C. of a gaseous tetra 
?uoroethylene whose proportion by weight of hexafluoro 
propylene at the start of the polymerization was 1%, 
using ammonium persulfate as catalyst. 

(D) Polymer having a speci?c surface area of 2.5‘ 
m.2/ g. obtained by suspension polymerization in water at 
3° C. of liquid tetra?uoroethylene, using ammonium per 
sulfate, acid sodium bisul?te and ferrous sulfate. 
The ‘ foregoing four types of polytetra?uoroethylene 

were ground using the following two types of pulverizers. 

(1) Micron mill 
A pulverizer of the type which grinds chiefly by the 

action of a shearing force resulting from the rotation of 
multibladed rotor (a product of Hosokawa Iron Works 
Ltd., Japan). 

(2) Ultramizer 

A pulverizer of the type which grinds chiefly by the 
action of impact force resulting from the pounding and 
crushing action of hammers ?tted in such a fashion to the 
circumference of rotating disks that they are capable of 
freely moving within the plane of the rotating disks. 
The properties of the ground products obtained are 

Even when the raw powder has a speci?c surface area 25 given in the following table. 

Grinding conditions Properties of ground product 

Peripheral Aniso 
speed of tropic 
blades or Tempera- Average Average ex- Paper 

Speei- hammer, ture, ?ber shape pansion torm 
men Pulverizer m./sec. ° C. Classi?er Form length, p. factor factor ability 

Micron mill _ 45 100 Used ____ .. Fibrous. _ _. _ 950 38 5. 2 Good. 
35 (1 do _____ __ 850 30 1. 70 Do. 
35 Not used _____ __d0 _____ ._ 2, 600 38 1. 75 Do. 
25 Used _________ ._d0 _____ __ 900 36 5. 1 D0. 
25 ...._do _ . . _ _ . ._d0 _____ _. 800 30 4.5 Do. 

35 ..-do _____ __ 360 25 1. 72 Do. 
35 do“... __ 1, 900 35 5. 3 D0; 
35 30 Used 1. _ _ _ Nonfibrous .......... . _ 3 5 1. 22 Unsatis 

factory 
95 30 _____d0.2 ______ ._do ________________ _- 3 3 1. 20 D0. 
95 30 .__.-do ________ __do ________________ ._ 3 3 1.20 D0. 

1 Basket type classi?er. 
2 Centrifugal type classi?er. 
3 Values obtained by measurement by method described in Thomas et al. U.S. Pat. 2,936,301, since these were non?brous. 

of above 3 m.2/g., good quality ?brous powder cannot 
be obtained when the pulverizer ‘used is one such as in 
which the grinding is carried out chiefly by impact force, 
for example, a pulverizer of the hammer type having 
freely moving hammers disposed about the circumference 
of rotating disks. 

Thus, the polytetra?uoroethylene ?brous powder hav 
ing an average ?ber length of 100-5000 microns, an 
average shape factor of not less than 10 and an aniso 
tropic expansion factor of 1.30-7.00, and suitable for the 
production of strong paper of a thinness less than 200 
g./m.2, air-pervious, pliable sheets and paper boards, and 
?lter ?ber can be conveniently produced by grinding at 
a temperature above 70° C., using a pulverizer of the 
type which effects the grinding under strong shearing 
force, a polytetra?uoroethylene powder such as that 
having a speci?c surface area of above 3 m.2/g., which 
powder was only washed and dried after polymerization 
of tetra?uoroethylene. 
For a better understanding of the invention, the follow 

ing examples are given. 

EXAMPLE 1 

(A) Commercial grade polytetra?uoroethylene ?ne 
powder having a speci?c surface area of 9 mz/g. 

(B) Polytetra?uoroethylene having a speci?c surface 
area of 11 m.2/g. polymerized in the vapor phase tetra 
iluoroethylene by means of gamma rays from cobalt-60. 

(C) Polytetrafiuoroethylene having a speci?c surface 
area of 3.5 m.2/g. obtained by the suspension polymeri 

60 

75 

When the thermal properties of the ?brous powder 
obtained in Experiment 1 was measured at the rate of a 
rise in temperature of 10° C. per minute using a differen 
tial thermal analyzer Model DT~1O produced by Shimad 
zu Seisakusho Ltd., Japan, shoulders of heat absorption 
were observed 25 degrees after the heat absorption peak 
of 348° C. ascribable to the melting of the crystals. 

EXAMPLE 2 

Papers were molded using the various powders obtained 
from Example 1 and ?bers cut from one of the com 
mercial grades of polytetra?uoroethylene spun ?bers to 
about 1 mm. length by ?ber cutting procedures. 
Three grams of the ?brous powders or cutting ?bers 

were added to about 300 cc. of carbon tetrachloride and 
stirred well. The dispersions obtained were placed in 
60-mesh metallic sieves 144 mm. in diameter. The sieves 
were immersed in advance in Petri dish containing carbon 
tetrachloride. Thus, by shaking the sieves, the dispersion 
is caused to spread out uniformly in the sieves. Then the 
sieves are removed from the Petri dish containing the 
carbon tetrachloride and dried, following which the 
powders or felts are heated along with the sieves to 345° 
C. in an air oven for about 30 minutes. 

Papers 144 mm. in diameter and of a uniform thick 
ness of about 0.2 mm. were obtained by this operation 
from the ?brous powders obtained in Experiments 1 to 7 
of Example 1. On the other hand, papers could not be 
formed from the powders obtained in Experiments 8, 9 
and 10 and the ?bers obtained by ?ber cutting. Namely, 
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in the case of the non?brous powders, the self bonding 
between the particles was poor and further because they 
were not ?brous they could not be formed in the fashion 
of a paper but became a weak foraminous ?lm. In the 
case of the ?bers obtained by ?ber cutting, the shrinkage 
of the ?bers was great and hence paperlike products did‘ 
not result, there occurring unevenness of spotty nature 
over the surface. 
By a similar method, the ?brous powders obtained in 

Experiments 1—7 of Example 1 could be formed into thick 
sheets 1 mm. in thickness. 
Not only were these papers and sheets pliable and could 

be folded, but their strength was also several times that 
of the ordinary paper. A particular feature is the point 
that there was no difference in their strength whether in 
water or air. This paper was e?ectively used particularly 
as ?lter paper in the ?ltration of strong acids and alkalis. 
What is claimed is: 
1. A polytetra?uoroethylene ?brous powder character 

ized by having an average ?ber length of 100 to 5,000 mi 
crons, an average shape factor of not less than 10, and an 
anistropic expansion factor of 1.30 to 7.00, the number 
of ?brous powders having a length of less than 80 microns 

10 

15 

20 

10 
being excluded when calculating said average ?ber length. 

2. A polytetra?uoroethylene ?brous powder consisting 
essentially of ?brous powders having a ?ber length of 
at least 80 microns, an average shape factor of not less 
than 10 and an anistropic expansion factor of 1.30 to 7.00, 
said ?brous powder having an average ?ber length of 
100 to 5,000 microns. 
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